In this series of projects sequencing the entire genome of Arabidopsis thaliana chromosome 5, nonredundant PI and TAC clones have been sequenced according to the fine physical map, and as of May 7, 1999, the sequences of 16.2 Mb representing approximately 60% of chromosome 5 have been accumulated and released at our web site. In parallel, structural features of the sequenced regions have been analyzed by applying a variety of computer programs, and to date we have predicted a total of 2380 potential proteincoding genes in the 10,154,580 bp regions, which are covered by 142 PI and TAC clones. In this paper, we newly analyzed the structural features of the 1,011,550 bp regions covered by additional 17 PI and TAC clones, and predicted 298 protein-coding genes. The average density of the genes identified was 1 gene per 3394 bp. Introns were observed in 67% of the genes, and the average number per gene and the average length of the introns were 3.2 and 159 bp, respectively. The gene density became higher than the value estimated in the previously analyzed regions (1 gene per 4,267 bp), as the data in this paper were compiled based on a new standard of gene assignment including the computer-predicted hypothetical genes. The regions also contained 8 tRNA genes when searched by similarity to reported tRNA genes and the tRNA scan-SE program. The sequence data and information on the potential genes are available on the database KAOS (Kazusa Arabidopsis data Opening Site) at http://www.kazusa.or.jp/arabi/. Key words: Arabidopsis thaliana chromosome 5; genomic sequence; PI genomic library; TAC genomic library; gene prediction
We have been operating a sequencing project of the genome of a dicot model plant Arabidopsis thaliana, which is estimated to be approximately 120 Mb long. We focused our target on chromosomes 5 and 3 among the five chromosomes, and constructed accurate contig maps of both chromosomes with clones from YAC, PI, TAC, and BAC libraries.
1 ' 2 For DNA sequencing, we first isolated the chromosome-specific clones from PI and TAC libraries, and performed the sequence analysis of PI and TAC clones physically assigned on the chromosomes. As of May 7, 1999, the regions of 16.2 Mb representing approximately 60% of chromosome 5 have been sequenced and the data were released at our web site KAOS (Kazusa Arabidopsis data Opening Site, http://www.kazusa.or.jp/arabi/). In parallel, potential genes in the sequenced regions have been analyzed by using a variety of computer programs for similarity search Communicated by Mituru Takanami * To whom correspondence should be addressed. Tel. and gene modeling, and we so far predicted the potential genes in the total 10,154,580 bp regions which are covered by 142 PI and TAC clones. 3~10 In this paper, we newly analyzed the structural features of the 1,011,550 bp regions covered by an additional 17 PI and TAC clones.
Isolation and Sequencing of PI and TAC Clones
DNA sources and the method of clone isolation were essentially the same as described in the previous paper. 3 The PI and TAC clones containing the DNA regions which cover a total of 17 DNA markers on chromosome 5 were isolated by screening the Mitsui PI 1 1 and TAC 12 libraries by means of polymerase chain reaction (PCR) with the primers designed from the sequence information of DNA markers. The DNA markers and selected clones are ends of MUG13 and K18I23 (K2A11), CIC10D2L (K18J17), CIC4D4 (K19M13), CIC5E10 (MJG14), CIC5E10 (K12B20),
Sequencing of Arabidopsis thaliana chromosome 5 [Vol. 6, dicated together with the clone names in Fig. 2 . K18J17  MTH16   K19M13   MJG14  K12B20  K21I16  MJC20  MNL12  MFC16  MFC19  MDN11  K19E20  K3K7  MGN6  K13P22  MRI1 30-I ends of MOP12 and MNF13 (K21I16), g4028 (MJC20), MWF20Jeft end (MNL12), K9L2_right end (MFC16), CIC11H2 (MFC19), CIC11G8R (MDN11), K24G6_right end (K19E20), CIC11F10 (K3K7), MNC6_right end (MGN6), ends of MBG8 and MC015 (K13P22), and MUA2_right end (MRI1). MTH16 was directly isolated as a clone showing restriction fragment length polymorphism (RFLP) when used as a probe for genomic Southern hybridization. 13 The relative positions of the markers and the sequenced clones on chromosome 5 are shown in Fig. 1 . The relative orientation of each clone and contig on the chromosome has been confirmed by anchoring both ends of the clone to those at the corresponding positions of the contig map.
The nucleotide sequence of each PI or TAC insert was determined according to the bridging shotgun method described previously. 3 The length of the nucleotide sequence of each PI or TAC insert finally confirmed is in-
Assignment of Potential Coding Regions
For assignment of the protein-coding regions and gene modeling, similarity search and computer prediction were performed as described in the previous paper 3 with modification. Briefly, a similarity search against the nonredundant protein sequence database nr (compiled by NCBI) was carried out using the BLASTX 14 program. In parallel, the positions of potential protein-coding regions were predicted with the Grail, 15 GENSCAN 16 and NetGene2 computer programs. 17 The transcribed regions were assigned by comparison of the nucleotide sequences with Arabidopsis ESTs 18 ' 19 in the public databases using the BLASTN program.
11 All the results obtained were compiled with the aid of our new web-based tool, named Arabidopsis Genome Displayer (manuscript in preparation), then assignment of the potential protein coding genes was carried out by taking both similarity to known genes and computer prediction into consideration. Therefore, the regions predicted only by the computer programs with no apparent similarity to known genes were also assigned as genes, while the computer-predicted hypothetical genes had not been included in the previous analyses. 3~10 To sum up, 298 potential protein-coding genes as well as 13 partial genes located at the terminal regions of the clones and 6 pseudo genes were assigned in the 1,011,550 bp regions The average gene density becomes 1 gene per 3394 bp. We previously analyzed the structural features of the total 10,154,580 bp regions and predicted 2380 potential protein coding genes, resulting in 1 gene per 4,267 bp. This difference has arisen because the data in this paper were compiled based on the new standard of gene assignment described above.
The RNA coding regions were assigned on the basis of sequence similarity to the reported structural RNAs. For tRNA genes, prediction by the tRNAscan-SE program 20 was also taken into account. As indicated in Fig. 2 , 8 tRNA genes corresponding to 6 amino acid species and a gene for 7SL RNA were identified in the 1,011,550 bp regions. Both potential protein-and RNA-coding genes were denoted by numbers with the clone names followed by sequential numbers from one end to another of the insert, which are listed in the table below the figure, and are also schematically represented in Fig. 2 .
Structural Features of Potential Protein Coding Genes
In this paper, the complete structures of 298 potential protein coding genes were predicted. Structural features of these genes as well as those of 1901 genes including those previously identified are listed in Table 1 . They account for approximately 9.5% of the total gene constituents (2 x 10 4 genes) assumed for A. thaliana. Ap- proximately 76% of the protein-coding genes contained introns, and the average number per gene and their average length were 3.8 and 175 bp, respectively.
Expression Level of Potential Protein Coding Genes and Gene Segments
The nucleotide sequence of each of the potential protein coding genes was compared with those in the Arabidopsis EST database, and the number of matched Arabidopsis ESTs was counted to monitor the transcriptional level of each gene. Of 298 complete and 13 partial genes that we have identified on chromosome 5 in this study, 104 carried matched ESTs. The putative products of the genes hit by 10 or more EST files, suggesting to be a class of highly expressed genes, include those showing sequence similarity to glutamate-ammonia ligase in A. thaliana (K12B20.6), microbody NAD-dependent malate dehydrogenase in A. thaliana (MTH16.8), CONSTANSlike protein 2 in Malus domestica (MRI1.1), ClpC product in A. thaliana (K3K7.7), luminal binding protein in A. thaliana (MJC20.12), and ALY transcriptional coactivator in Mus musculus (K12B20.19).
The sequence data as well as the gene information shown in this paper are available through the World Wide Web at http://www.kazusa.or.jp/arabi/. 
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